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A method and apparatus for performing serial comparison 
betWeen electrocardiograms (ECGs) acquired from a 
patient. The method includes acquiring ECGs from a patient 
With an acquisition device and using the acquisition device 
to perform a serial comparison betWeen at least tWo of the 
acquired ECGs. The apparatus is an acquisition device 
including an acquisition module for acquiring ECGs from a 
patient and a signal processor for performing a serial com 
parison betWeen at least tWo of the acquired ECGs. 
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METHOD AND APPARATUS FOR THE 
SERIAL COMPARISON OF 
ELECTROCARDIOGRAMS 

BACKGROUND OF INVENTION 

The invention relates generally to a method and apparatus 
for the serial comparison of electrocardiograms (ECGs), and 
more speci?cally to a method and apparatus for the serial 
comparison of ECGs using an ECG acquisition device. 
When a patient is suffering from severe chest pain, 

clinicians must detect acute coronary syndromes, such as 
acute myocardial infarction and acute cardiac ischemia, 
quickly and accurately in order to prevent the death of 
cardiac muscle and, ultimately, the death of the patient. The 
ECG is critical for evaluating severe chest pain in a patient 
in order to detect and manage acute coronary syndromes. 
When a patient suffering from severe chest pain is admit 

ted into an emergency room, a single, initial ECG is imme 
diately taken and analyZed by an emergency room clinician 
or by a computeriZed ECG interpretation program. 
Similarly, When emergency medical technicians arrive to 
care for a patient suffering from severe chest pain, a single, 
initial ECG is immediately taken and analyZed by the 
emergency medical technicians. Based on the analysis of 
these single, initial ECGs, acute myocardial infarction is 
only accurately detected one-half of the time and acute 
cardiac ischemia is only accurately detected one-third of the 
time. These poor detection rates are due to the fact that 
almost tWo-thirds of all ischemic episodes that occur in 
patient’s suffering from unstable coronary artery disease are 
silent and cannot be detected by the analysis of a single 
ECG. Also, ?fteen to thirty percent of patients With unstable 
coronary disease have transient episodes of ST segment 
changes, predominately ST segment depression, that cannot 
be detected by the analysis of a single ECG. Similarly, acute 
coronary syndrome cannot be diagnosed based on a left 
bundle branch block appearing in a single ECG, because left 
bundle branch block is only associated With acute coronary 
syndrome if it is neW, i.e., if the left bundle branch block has 
not occurred in the patient’s previous ECGs and then 
suddenly occurs in a subsequent ECG. HoWever, it is 
desirable to detect neW left bundle branch block, because 
neW left bundle branch block is one of the strongest predic 
tors of mortality in acute coronary syndrome patients. 

The serial comparison of multiple ECGs can reveal acute 
coronary syndromes more accurately than the analysis of a 
single ECG. For example, if a clinician performs a serial 
comparison betWeen an ECG acquired While the patient is in 
a stable cardiac period and a subsequent ECG indicating a 
left bundle branch block, the clinician can determine 
Whether the left bundle branch block is neW in order to 
predict acute myocardial infarction. If the serial comparison 
is performed by the clinician While the patient is suffering 
from severe chest pain, the clinician can detect and treat the 
myocardial infarction appropriately in a timely basis. 
Similarly, if a clinician performs a serial comparison While 
the patient is suffering from severe chest pain, the clinician 
can more accurately detect changes in the ST segment and 
changes in the amplitude of the T Wave in order to predict 
acute cardiac ischemia and evolving acute myocardial inf 
arction. 
Even though the serial comparison of multiple ECGs can 

reveal acute coronary syndromes more accurately than the 
analysis of a single ECG, the existing ECG analysis pro 
grams used to perform serial comparisons have several 
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2 
limitations. ECG analysis programs for performing serial 
comparisons are generally implemented in ECG manage 
ment systems, such as the GE Medical Systems Information 
Technologies, Inc. MUSE system, or in specially-designed 
ST segment monitoring devices, such as the GE Medical 
Systems Information Technologies, Inc. ST-Guard device. 
HoWever, feW emergency departments have access to ECG 
management systems or are equipped With specially 
designed ST segment monitoring devices in order to perform 
serial comparisons quickly and accurately enough to detect 
acute coronary syndromes in patients suffering from severe 
chest pain. In the case of emergency medical technicians 
caring for a patient suffering from severe chest pain aWay 
from the hospital, a serial comparison cannot be performed 
betWeen the patient’s ECGs stored in the ECG management 
system at the hospital and the ECGs acquired from the 
patient by the emergency medical technicians in time for the 
emergency medical technicians to detect and manage the 
patient’s acute coronary syndrome. Moreover, the serial 
comparison algorithms implemented in the ECG manage 
ment systems are not designed speci?cally for detecting 
acute coronary syndromes, and thus, lack the sensitivity 
required to detect acute coronary syndromes in the most 
accurate manner. 

SUMMARY OF INVENTION 

In light of the limitations described above, a need exists 
for a method and apparatus for performing a serial compari 
son betWeen a patient’s ECGs quickly and accurately in 
order to detect acute coronary syndrome in a patient suffer 
ing from severe chest pain, such as When a patient is 
admitted to an emergency room or When an emergency 

medical technician is treating a patient aWay from the 
hospital. Moreover, a need exists for a method and apparatus 
for ruling out acute coronary syndrome in order to discharge 
patients more quickly from the emergency room. 

Accordingly, the invention provides a method and appa 
ratus for acquiring ECGs from a patient With an ECG 
acquisition device and using the ECG acquisition device to 
perform a serial comparison betWeen tWo or more of the 
ECGs acquired from the patient in order to accurately detect 
acute coronary syndromes. 
The apparatus is an acquisition device for acquiring ECGs 

from a patient. The acquisition device includes an acquisi 
tion module for acquiring ECGs from the patient and a 
signal processor coupled to the acquisition module for 
performing a serial comparison betWeen tWo or more of the 
ECGs acquired from the patient. The acquisition device may 
perform the serial comparison in real-time as ECGs are 
acquired from the patient in order to detect acute coronary 
syndrome. The acquisition device may be used to perform 
the serial comparison betWeen the ?rst ECG acquired from 
the patient during the cardiac episode, i.e., an index ECG, 
and subsequent ECGs. In addition, the acquisition device 
may be physically or Wirelessly coupled to an ECG man 
agement system in order to access an ECG acquired from the 
patient during a stable cardiac period, i.e., a baseline ECG. 
If the acquisition device is Wirelessly coupled to the ECG 
management system, the acquisition device may include a 
receiver for Wirelessly communicating With an ECG man 
agement system located in a hospital remote from the 
acquisition device in order to access the patient’s baseline 
ECG stored in the ECG management system. The acquisi 
tion device is used to perform serial comparisons betWeen 
the baseline ECG, the index ECG, and the subsequent ECGs. 

For the method of the invention, ECGs are acquired from 
a patient With an ECG acquisition device and the ECG 
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acquisition device is used to perform a serial comparison 
between tWo or more of the acquired ECGs. The serial 
comparison may be performed in real-time as ECGs are 
acquired from the patient in order to detect acute coronary 
syndrome. The serial comparison is performed betWeen an 
index ECG and subsequent ECGs. The method may also 
include accessing a baseline ECG from an ECG manage 
ment system coupled to the acquisition device or an ECG 
management system located in a hospital remote from the 
acquisition device. The serial comparisons may be per 
formed betWeen the baseline ECG, the index ECG, and the 
subsequent ECGs. 

The invention also provides a method of performing a 
serial comparison betWeen ECGs in order to accurately 
detect acute coronary syndrome. The method includes 
acquiring an index ECG and subsequent ECGs and identi 
fying changes betWeen the index ECG and the subsequent 
ECGs in QRS complex, ST elevation, ST depression, or T 
Wave. The method also includes assigning severity values to 
the identi?ed changes and analyZing the severity values 
according to a fuZZy logic algorithm. Acute myocardial 
infarction is indicated to a clinician if the severity value of 
the changes in the QRS complex is high, if the severity value 
of the changes in the ST elevation is high, if the severity 
value of the changes in the ST elevation and the ST 
depression are moderate, or if the severity value of the 
changes in the T Wave inversion is equal to or greater than 
moderate. Acute ischemia is indicated to a clinician if the 
severity value of the changes in the ST depression is high, 
or if the severity level of the changes in the ST depression 
and the T Wave inversion are moderate. 

The invention further provides a softWare program for 
implementation in an ECG acquisition device and for per 
forming a serial comparison betWeen tWo or more ECGs 
acquired from a patient. The softWare program includes a 
management module for analyZing corresponding leads of 
the ECGs, for determining Which corresponding leads indi 
cate differences betWeen the ECGs, for sorting the corre 
sponding leads into groups according to the indicated 
differences, and for assigning a severity value to each one of 
the groups. The softWare program also includes a decision 
logic module for implementing a fuZZy logic algorithm to 
analyZe the severity value assigned to each one of the groups 
and for outputting an indication of an acute coronary syn 
drome based on the analysis. 

Various other features and advantages of the invention are 
set forth in the folloWing draWings, detailed description and 
claims. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 illustrates the apparatus embodying the invention 
connected to a patient. 

FIGS. 2A, 2B, 2C, and 2D are How charts illustrating the 
method of the invention. 

FIG. 3 illustrates a typical ECG Waveform. 

DETAILED DESCRIPTION 

Before one embodiment of the invention is explained in 
full detail, it is to be understood that the invention is not 
limited in its application to the details of construction and 
the arrangement of components set forth in the folloWing 
description or illustrated in the folloWing draWings. The 
invention is capable of other embodiments and of being 
practiced or of being carried out in various Ways. Also, it is 
to be understood that the phraseology and terminology used 
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4 
herein is for the purpose of description and should not be 
regarded as limiting. The use of including and comprising 
and variations thereof herein is meant to encompass the 
items listed thereafter and equivalents thereof as Well as 
additional items. 

FIG. 1 illustrates an ECG device 10 embodying the 
invention. The ECG device 10 includes electrodes 12 
attached to a patient 14. Ten electrodes 12 may be attached 
to the patient 14 in order to acquire a standard, tWelve-lead 
ECG. HoWever, any number of electrodes 12 may be 
attached to the patient 14 in any manner suitable for acquir 
ing one or more leads of ECG data. The electrodes 12 are 
coupled via leadWires 13 to an ECG acquisition device 16. 
The ECG acquisition device 16 may be any device capable 
of acquiring ECGs, such as a cardiograph, a Holter monitor, 
an event recorder, or a stress ECG machine. 

The ECG acquisition device 16 includes an acquisition 
module 18 for coordinating the acquisition of ECGs from 
the patient 14. The acquisition module 18 acquires a ?rst 
ECG from the patient 14 and designates the ?rst ECG as the 
index ECG for the patient 14. The acquisition module 18 
also acquires subsequent ECGs from the patient 14 for any 
time period desired by a clinician, such as for the extent of 
a cardiac episode. 

The ECG acquisition device 16 may be physically or 
Wirelessly coupled to an ECG management system 22. The 
ECG acquisition device 16 preferably includes a transmitter/ 
receiver device 20 coupled to the acquisition module 18 for 
Wirelessly communicating With an ECG management sys 
tem 22 at a hospital in a location remote from the ECG 
acquisition device 16. The acquisition module 18 Wirelessly 
communicates With the ECG management system 22 via the 
transmitter/receiver device 20 in order to acquire a baseline 
ECG, i.e., an ECG acquired from the patient 14 during a 
stable cardiac period, from the ECG management system 22. 
The transmitter/receiver device 20 is coupled to memory 32 
in order to store the baseline ECG after the baseline ECG is 
acquired so that the baseline ECG can be used for later serial 
comparisons. The index ECG and the subsequent ECGs 
acquired With the ECG acquisition device 16 may also be 
stored in the memory 32. The acquisition module 18 also 
Wirelessly communicates With the ECG management system 
22 via the transmitter/receiver device 20 in order to transmit 
the index ECG and the subsequent ECGs stored in the 
memory 32 to the ECG management system 22 for further 
analysis or for long-term storage. 
The acquisition module 18 is coupled to a signal proces 

sor 24. The signal processor 24 performs serial comparisons 
betWeen the baseline ECG, the index ECG, and the subse 
quent ECGs. The signal processor 24 includes a manage 
ment module 26 Which receives the baseline ECG, the index 
ECG, and the subsequent ECGs from the acquisition module 
18. The management module 26 also coordinates and per 
forms serial comparisons betWeen several sets of ECGs at 
once. The management module 26 performs serial compari 
sons betWeen any tWo ECGs, such as betWeen the baseline 
ECG and the index ECG, betWeen the baseline ECG and one 
of the subsequent ECGs, betWeen the index ECG and one of 
the subsequent ECGs, or betWeen tWo of the subsequent 
ECGs. The management module 26 preferably performs the 
serial comparisons in real-time as subsequent ECGs are 
acquired from the patient 14. 
The management module 26 is coupled to a decision logic 

module 28. The decision logic module 28 is used to imple 
ment a fuZZy logic algorithm that analyZes the results of the 
serial comparisons performed by the management module 
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26. The decision logic module 28 uses the fuZZy: logic 
algorithm to analyze the results of the serial comparisons 
and then sends the results of the analysis to a display 30 
coupled to the signal processor 24 in order to indicate to a 
clinician Whether the patient 14 is suffering from an acute 
coronary syndrome. 

FIGS. 2A, 2B, 2C, and 2D illustrate the method of the 
invention. Referring to FIGS. 1 and 2A, a baseline ECG is 
acquired (at 100) from the patient 14 during a stable cardiac 
period. The baseline ECG may be acquired (at 100) several 
days or even several years prior to the patient 14 being 
treated for severe chest pain during a cardiac episode. The 
baseline ECG is generally acquired (at 100) during a 
standard, tWelve-lead ECG test, such as an ECG stress test, 
When the patient 14 is in a clinic or hospital. The baseline 
ECG is stored (at 102) in the ECG management system 22. 
When the patient 14 is being treated for severe chest pain 

during a cardiac episode, such as in an emergency room at 
a hospital or at a location remote from a hospital, the 
electrodes 12 and leadWires 13 are attached to the patient 14 
and an initial ECG, i.e., the index ECG, is acquired (at 104). 
Thus, the index ECG is the ?rst ECG acquired (at 104) from 
the patient 14 during the cardiac episode. The index ECG is 
stored (at 106) in the memory 32 of the ECG acquisition 
device 16 and designated as such, so that the index ECG can 
be differentiated from subsequent ECGs acquired from the 
patient 14. Subsequent ECGs are then acquired (at 108) from 
the patient 14 for any period of time desired by the clinician, 
such as for the extent of a cardiac episode. The subsequent 
ECGs are stored (at 110) in the memory 32 of the ECG 
acquisition device 16. Once the index ECG is acquired (at 
104) and one or more subsequent ECGs are acquired (at 
108), serial comparisons may be performed betWeen the 
index ECG and the subsequent ECGs. The time period 
betWeen each serial comparison may be from tWenty sec 
onds to several hours. 

HoWever, rather than only performing serial comparisons 
betWeen the index ECG and the subsequent ECGs, a base 
line ECG for the patient 14 is preferably acquired from the 
ECG management system 22. The ECG acquisition device 
16 is used to determine (at 111) Whether a baseline ECG 
should be acquired. In one preferred embodiment, the man 
agement module 26 outputs to the display 30 a request for 
the clinician to decide Whether the baseline ECG should be 
acquired. For example, the clinician may press a button on 
a housing of the ECG acquisition device 16 or the clinician 
may press a touchscreen button on the display 30 of the ECG 
acquisition device 16 in order to indicate Whether the 
baseline ECG for the patient 14 should be acquired. 

In another preferred embodiment, the acquisition module 
18 automatically attempts to communicate With the ECG 
management system 22 in order to acquire the baseline ECG 
for the patient 14. For example, the acquisition module 18 
?rst automatically attempts to access the ECG management 
system 22 via a physical connection. If the ECG acquisition 
device 16 is not physically connected to the ECG manage 
ment system 22, the acquisition module 18 automatically 
attempts to access the ECG management system 22 via the 
transmitter/receiver 20. 

Once the acquisition module 18 establishes communica 
tion With the ECG management system 22 and acquires (at 
112) the baseline ECG, the baseline ECG is stored (at 114) 
in the memory 32 of the ECG acquisition device 16, so that 
the baseline ECG can be used for later serial comparisons. 
Once the baseline ECG is acquired (at 112), the management 
module 26 can perform serial comparisons betWeen the 
baseline ECG, the index ECG, and the subsequent ECGs. 
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6 
Referring to FIGS. 1 and 2B, the acquired ECGs from the 

acquisition module 18 are input into (at 116) the manage 
ment module 26 of the signal processor 24. The management 
module 26 coordinates multiple serial comparisons betWeen 
several sets of ECGs at once. The management module 26 
?rst determines Which leads of the pair of ECGs correspond 
to one another. For example, for a serial comparison 
betWeen the baseline ECG and the index ECG for the patient 
14, the management module 26 determines Which leads of 
the baseline ECG correspond to the leads of the index ECG, 
e.g., lead V1 of the baseline ECG corresponds to lead V1 of 
the index ECG and lead V2 of the baseline ECG corresponds 
to lead V2 of the index ECG. Typically, for standard, 
tWelve-lead ECGs, the management module 26 Will deter 
mine that tWelve leads of the baseline ECG correspond to 
tWelve leads of the index ECG. HoWever, the ECG acqui 
sition device 16 may not acquire all tWelve leads for a 
standard, tWelve-lead ECG, While the baseline ECG is 
preferably a standard, tWelve-lead ECG. In this case, the 
management module 26 Will determine Which leads are 
acquired by the ECG acquisition device 16 and determine 
Which leads of the baseline ECG correspond to the leads 
acquired by the acquisition device 16. 
Once the management module 26 has determined Which 

leads correspond to one another, the management module 26 
analyZes the sets of corresponding leads according to several 
functional blocks. The functional blocks represent various 
portions of a typical ECG Waveform, as illustrated in FIG. 
3. In one preferred embodiment, the functional blocks 
represent the P Wave, the Q Wave, the QRS complex, the ST 
elevation, the ST depression, the T Wave, and the QT 
interval. In general, the management module 26 determines 
Which sets of corresponding leads exhibit changes in a 
portion of the ECG Waveform represented by one of the 
functional blocks. If a set of corresponding leads exhibits 
changes in a portion of the ECG Waveform represented by 
one of the functional blocks, the set of corresponding leads 
is divided into a group associated With that functional block. 
Once all of the sets of corresponding leads are analyZed and 
divided into groups associated With the functional blocks, 
each of the groups associated With the functional blocks are 
assigned a severity value. A preferred embodiment of the 
analysis performed by the management module 26 is 
described beloW With respect to FIGS. 2B and 2C. 

Referring to FIGS. 1 and 2B, the management module 26 
?rst analyZes each of the corresponding leads to determine 
(at 118) if there is a change in the QRS complex in order to 
detect a neW bundle branch block, i.e., either left bundle 
branch block or right bundle branch block. The management 
module 26 determines if there are changes in the duration 
and the amplitude of the QRS complex. The sets of corre 
sponding leads indicating a change in the QRS complex are 
divided into the QRS functional block. Once all the sets of 
corresponding leads are analyZed and divided, the manage 
ment module 26 assigns (at 120) a severity value to the QRS 
functional block. Preferably, a high severity value (e.g., a 
severity value of 2) is assigned to the QRS functional block 
if all of the folloWing are true: (1) if the QRS complex 
duration for the second ECG of any of the corresponding 
leads is greater than 120 milliseconds, While the QRS 
complex duration for the ?rst ECG of any of the correspond 
ing leads is less than 120 milliseconds; (2) if the QRS 
complex in any of the corresponding V1 and V2 leads is 
negative and either one of the Q Wave or the S Wave has a 
duration greater than 80 milliseconds; or (3) in any tWo of 
the corresponding I, V5, and V6 leads, if the sum of the 
durations of the R Wave (i.e., the ?rst positive de?ection in 
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the QRS complex) and the R“ Wave (i.e., a second positive 
de?ection that sometimes occurs in the QRS complex) is 
greater than 100 milliseconds. 

The management module 26 then analyZes each of the 
sets of corresponding leads to determine (at 122) if there is 
a change in ST depression in order to detect acute ischemia 
and acute myocardial infarction. The management module 
26 determines if there are amplitude changes that indicate 
ST depression betWeen the sets of corresponding leads at the 
folloWing points in the ECG Waveform: STJ (the beginning 
of the ST segment), STM (the beginning of the ST segment 
plus the average interval betWeen R Wave peaks divided by 
16), STE (the beginning of the ST segment plus the average 
interval betWeen R Wave peaks divided by 8), STJ+40 (the 
beginning of the ST segment plus 40 milliseconds), STJ+80 
(the beginning of the ST segment plus 80 milliseconds), and 
ST slope (Whether up, doWn, or ?at). The corresponding 
leads indicating ST depression are divided into the ST 
depression functional block. Once all the sets of correspond 
ing leads are analyZed and divided, the management module 
26 assigns (at 124) a severity value to the ST depression 
functional block. Preferably, if the ST depression change 
betWeen any of the corresponding leads is greater than 
negative 100 microvolts, a high severity value is assigned to 
the ST depression functional block. If the ST depression 
change betWeen any of any of the corresponding leads is 
betWeen negative 70 microvolts and negative 100 
microvolts, a moderate severity value (e.g., a severity value 
of 1) is assigned to the ST depression functional block. 

The management module 26 then analyZes each of the 
corresponding leads to determine (at 126) if there is a change 
in ST elevation in order to detect acute myocardial infarc 
tion. The management module 26 determines if there are 
amplitude changes that indicate ST elevation betWeen the 
sets of corresponding leads at the folloWing points in the 
ECG Waveform: STJ (the beginning of the ST segment), 
STM (the beginning of the ST segment plus the average 
interval betWeen R Wave peaks divided by 16), STE (the 
beginning of the ST segment plus the average interval 
betWeen R Wave peaks divided by 8), ST] +40 (the beginning 
of the ST segment plus 40 milliseconds), STJ+80 (the 
beginning of the ST segment plus 80 milliseconds), and ST 
slope (Whether up, doWn, or ?at). The sets of corresponding 
leads indicating ST elevation are divided into the ST eleva 
tion functional block. Once all the sets of corresponding 
leads are analyZed and divided, the management module 26 
assigns (at 128) a severity value to the change of ST 
elevation functional block. Preferably, if the ST elevation 
betWeen any of the corresponding precordial leads (i.e., 
leads V1, V2, V3, V4, V5, and V6) is greater than 200 
microvolts, or if the ST elevation betWeen any of the 
corresponding limb leads (i.e., leads I, II, III, AVR, AVL, and 
AVF) is greater than 100 microvolts, a high severity value is 
assigned to the ST elevation block. If the ST elevation 
betWeen any of the corresponding precordial leads is 
betWeen 100 microvolts and 200 microvolts, or if the ST 
elevation betWeen any of the corresponding limb leads is 
betWeen 70 microvolts and 100 microvolts, a moderate 
severity value is assigned to the ST elevation block. 

The management module 26 then analyZes each of the 
sets of corresponding leads to determine (at 130) if there is 
a change in the T Wave in order to detect acute ischemia and 
acute myocardial infarction. The management module 26 
determines if there are changes in the amplitude and mor 
phology of the T Wave. The sets of corresponding leads 
indicating a change in the T Wave are divided into the T 
Wave functional block. Once all the sets of corresponding 
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leads are analyZed and divided, the management module 26 
assigns (at 132) a severity value to the T Wave functional 
block. Preferably, if the inversion of the T Wave is greater 
than 200 microvolts betWeen any of the corresponding leads, 
a high severity value is assigned to the T Wave functional 
block. 

Referring to FIGS. 1 and 2C, the management module 26 
then analyZes each of the sets of corresponding leads to 
determine (at 134) if there is a change in the O Wave in order 
to detect acute and non-acute myocardial infarction. The 
management module 26 determines if there are changes in 
the amplitude and duration of the O Wave. The sets of 
corresponding leads indicating a change in the O Wave are 
divided into the O Wave functional block. Once all the sets 
of corresponding leads are analyZed and divided, the man 
agement module 26 assigns (at 136) a severity value to the 
O Wave functional block. Preferably, if the duration of the O 
Wave of the ?rst lead of the sets of corresponding leads is 
less than 40 milliseconds and the duration of the O Wave of 
the second lead of the sets of corresponding leads is greater 
than 40 milliseconds, a moderate severity level is assigned 
to the O Wave functional block. Similarly, if the duration of 
the O Wave of the ?rst lead of the sets of corresponding leads 
is less than 40 milliseconds and the duration of the O Wave 
of the second lead of the sets of corresponding leads is 
greater than 60 milliseconds, a high severity level is 
assigned to the O Wave functional block. 

Finally, the management module 26 analyZes each of the 
corresponding leads to determine (at 138) if there is a change 
in the OT interval in order to detect acute ischemia. The sets 
of corresponding leads indicating a change in the OT inter 
val are divided in to the OT interval functional block. Once 
all the sets of corresponding leads are analyZed and divided, 
the management module 26 assigns (at 140) a severity value 
to the OT interval functional block. Preferably, the corrected 
OT interval (OTC) is analyZed by the management module 
26. The OTC is the OT interval multiplied by the square root 
of the heart rate of the patient 14 divided by siXty [i.e., 
OTC=(OT interval)><sqrt (heart rate/60)]. If the OTC of the 
?rst lead of the sets of corresponding leads is less than 450 
milliseconds and the OTC of the second lead of the sets of 
corresponding leads is greater than 450 milliseconds, a 
moderate severity value is assigned to the OT interval 
functional block. If the OTC of the ?rst lead of the sets of 
corresponding leads is less than 450 milliseconds and the 
OTC of the second lead of the sets of corresponding leads is 
greater than 480 milliseconds, a high severity value is 
assigned to the OT interval functional block. 
Although the analysis performed by the management 

module 26 is described above and shoWn in the draWings in 
a particular order, the analysis may be performed in any 
order and still be Within the scope of the invention. 
Moreover, each and every step in the analysis described 
above and shoWn in the draWings does not have to be 
performed to be Within the scope of the invention. 

Once each of the sets of corresponding leads are divided 
into functional blocks and each of the functional blocks are 
assigned severity values, the functional blocks are input (at 
142) into the decision logic module 28. The decision logic 
module 28 is used to implement a fuZZy logic algorithm. 
FuZZy logic algorithms differ from conventional, ?Xed-value 
logic algorithms in that fuZZy logic algorithms use 
smoothed, membership functions to de?ne the boundaries 
betWeen groups. A set of fuZZy logic rules de?nes hoW the 
membership functions are combined. The fuZZy logic algo 
rithm then makes decisions based on the output of the entire 
set of fuZZy logic rules. 
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According to the fuZZy logic algorithm, the decision logic 
module 28 ?rst determines (at 144) Whether the severity 
value assigned to the QRS functional block is high, indi 
cating a neW bundle branch block, i.e., either left bundle 
branch block or right bundle branch block. If the QRS 
functional block does indicate a neW bundle branch block, 
the display 30 indicates (at 146) acute myocardial infarction 
to a clinician. 

The decision logic module 28 then determines (at 148) 
Whether the ST elevation functional block has been assigned 
a high severity value. If the ST elevation functional block 
has been assigned a high severity value, the display 30 
indicates (at 150) acute myocardial infarction to a clinician. 

Referring to FIGS. 1 and 2D, the decision logic module 28 
neXt determines (at 152) Whether the ST elevation functional 
block has been assigned a moderate severity value. The 
decision logic module 28 also determines Whether the ST 
depression functional block has been assigned a moderate 
severity value. The decision logic module 28 also deter 
mines Whether the T Wave functional block has been 
assigned a “moderate” severity value. If the decision logic 
module 28 determines (at 152) that the ST elevation func 
tional block has been assigned a moderate severity value 
and, at the same time, the ST depression functional block has 
been assigned a severity value equal to or greater than 
moderate, the display 30 indicates (at 154) an acute myo 
cardial infarction to a clinician. In addition, if the decision 
logic module 28 determines (at 152) that the T Wave 
functional block has been assigned a severity value equal to 
or greater than moderate, the display 30 indicates (at 154) an 
acute myocardial infarction to a clinician. 

The decision logic module 28 neXt determines (at 156) 
Whether the ST depression functional block has been 
assigned a high severity value. If the decision logic module 
28 determines (at 156) that the ST depression functional 
block has been assigned a high severity value, the display 30 
indicates (at 158) acute ischemia to a clinician. 

The decision logic module 28 neXt determines (at 160) 
Whether the ST depression functional block has been 
assigned a moderate severity value. The decision logic 
module 28 also determines (at 160) Whether the T Wave 
functional block has been assigned a moderate severity 
value. If the decision logic module 28 determines (at 160) 
that the ST depression functional block has been assigned a 
moderate severity value and the T Wave functional block has 
been assigned a severity value equal to or greater than 
moderate, the display 30 indicates (at 162) acute ischemia to 
a clinician. If the decision logic module 28 determines (at 
160) that the ST depression functional block has not been 
assigned a moderate severity value, or the T Wave functional 
block has not been assigned a moderate severity value, the 
display 30 indicates (at 164) to a clinician that the patient 14 
is not suffering from either acute myocardial infarction or 
acute ischemia. If the patient 14 is not suffering from either 
acute myocardial infarction or acute ischemia, the clinician 
may determine and treat the cause of the patient’s chest pain 
or the clinician may discharge the patient 14 from the 
emergency room. 

Although the decisions of the fuZZy logic algorithm 
implemented by the decision logic module 28 are described 
above and shoWn in the draWings in a particular order, the 
decisions may be implemented in a fuZZy logic algorithm in 
any order and still be Within the scope of the invention. 
Moreover, each and every decision described above and 
shoWn in the draWings does not have to be implemented in 
the fuZZy logic algorithm to be Within the scope of the 
invention. 
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Various features and advantages of the invention are set 

forth in the folloWing claims. 
What is claimed is: 
1. An acquisition device for acquiring electrocardiograms 

from a patient, the device comprising: 
an acquisition module for acquiring a plurality of elec 

trocardiograms from the patient; and 
a signal processor coupled to the acquisition module for 

performing a serial comparison betWeen at least tWo of 
the plurality of electrocardiograms, 
the plurality of electrocardiograms including an indeX 

electrocardiogram and at least one subsequent 
electrocardiogram, and 

the signal processor performing a serial comparison 
betWeen the indeX electrocardiogram and the at least 
one subsequent electrocardiogram. 

2. The device of claim 1 Wherein the signal processor 
performs the serial comparison betWeen the at least tWo of 
the plurality of electrocardiograms in real-time in order to 
detect an acute coronary syndrome. 

3. The device of claim 1 Wherein the plurality of electro 
cardiograms includes a baseline electrocardiogram, and 
Wherein the signal processor performs a serial comparison 
betWeen the baseline electrocardiogram and the indeX elec 
trocardiogram and the at least one subsequent electrocar 
diogram. 

4. The device of claim 3 Wherein the baseline electrocar 
diogram is an electrocardiogram acquired from the patient 
during a stable cardiac period. 

5. The device of claim 3 Wherein an electrocardiogram 
management system is coupled to the acquisition device for 
accessing the baseline electrocardiogram. 

6. The device of claim 5 and further comprising a receiver 
coupled to the acquisition device, and Wherein the electro 
cardiogram management system is Wirelessly coupled to the 
receiver in order to transmit the baseline electrocardiogram 
to the acquisition device. 

7. The device of claim 6 and further comprising a trans 
mitter coupled to the acquisition device, and Wherein the 
electrocardiogram management system is Wirelessly 
coupled to the transmitter in order to receive the indeX 
electrocardiogram and the at least one subsequent electro 
cardiogram from the acquisition device. 

8. The device of claim 5 and further comprising memory 
coupled to the acquisition module for storing the baseline 
electrocardiogram in the acquisition device. 

9. The device of claim 1 Wherein the signal processor 
includes a management module and a decision logic module. 

10. The device of claim 9 and further comprising a display 
coupled to the decision logic module, and Wherein the 
display indicates to a clinician an output of the decision logic 
module. 

11. The device of claim 9 Wherein the management 
module compares the at least tWo of the plurality of elec 
trocardiograms according to a plurality of functional blocks. 

12. The device of claim 11 Wherein the plurality of 
functional blocks includes at least one of P Wave, Q Wave, 
QRS complex, ST elevation, ST depression, TWave, and QT 
interval. 

13. The device of claim 12 Wherein the management 
module assigns a severity value for each one of the plurality 
of functional blocks based on a predetermined level of 
change. 

14. The device of claim 13 Wherein the decision logic 
module analyZes the severity value of each one of the 
plurality of functional blocks according to a fuZZy logic 
algorithm. 
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15. The device of claim 14 wherein the decision logic 
module outputs an indication of an acute myocardial infarc 
tion if the fuZZy logic algorithm determines that the QRS 
complex functional block has a high severity value and 
indicates a neW bundle branch block. 

16. The device of claim 14 Wherein the decision logic 
module outputs an indication of an acute myocardial infarc 
tion if the fuZZy logic algorithm determines that the ST 
elevation functional block has a high severity value. 

17. The device of claim 14 Wherein the decision logic 
module outputs an indication of an acute myocardial infarc 
tion if the fuZZy logic algorithm determines that the ST 
elevation functional block has a moderate severity value and 
the ST depression functional block has a severity value equal 
to or greater than moderate or that the T Wave functional 
block has a severity value equal to or greater than moderate. 

18. The device of claim 14 Wherein the decision logic 
module outputs an indication of acute ischemia if the fuZZy 
logic algorithm determines that the ST depression functional 
block has a moderate severity value and the T Wave func 
tional block has a severity value equal to or greater than 
moderate. 

19. The device of claim 14 Wherein the decision logic 
module outputs an indication of acute ischemia if the fuZZy 
logic algorithm determines that the ST depression functional 
block has a high severity value. 

20. The device of claim 19 Wherein the acquisition device 
is a one of a cardiograph, a Holter monitor, an event 
recorder, and a stress electrocardiogram machine. 

21. A method of performing serial comparison betWeen 
electrocardiograms acquired from a patient, the method 
comprising the acts of: 

acquiring a plurality of electrocardiograms from the 
patient With an acquisition device, including acquiring 
an index electrocardiogram and at least one subsequent 
electrocardiogram; and 

using the acquisition device to perform a serial compari 
son betWeen at least tWo of the plurality of 
electrocardiograms, including performing a serial com 
parison betWeen the index electrocardiogram and the at 
least one subsequent electrocardiogram. 

22. The method of claim 21 Wherein the act of using the 
acquisition device to perform a serial comparison betWeen at 
least tWo of the plurality of electrocardiograms includes the 
act of comparing the at least tWo of the plurality of electro 
cardiograms in real-time in order to detect an acute coronary 
syndrome. 

23. The method of claim 21 and further comprising the 
acts of accessing a baseline electrocardiogram and using the 
acquisition device to perform a serial comparison betWeen 
the baseline electrocardiogram and the index electrocardio 
gram and the at least one subsequent electrocardiogram. 

24. The method of claim 23 Wherein the act of accessing 
a baseline electrocardiogram includes the act of accessing an 
electrocardiogram acquired from the patient during a stable 
cardiac period. 

25. The method of claim 23 Wherein the act of accessing 
a baseline electrocardiogram includes the act of accessing 
the baseline electrocardiogram from an electrocardiogram 
management system. 

26. The method of claim 25 Wherein the act of accessing 
the a baseline electrocardiogram from an electrocardiogram 
management system includes the act of Wirelessly transmit 
ting the baseline electrocardiogram from the electrocardio 
gram management system to the acquisition device. 

27. The method of claim 26 and further comprising the act 
of Wirelessly transmitting the index electrocardiogram and 
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the at least one subsequent electrocardiogram from the 
acquisition device to the electrocardiogram management 
system. 

28. The method of claim 27 and further comprising 
storing the at least one baseline electrocardiogram in the 
acquisition device. 

29. The method of claim 21 Wherein the act of using the 
acquisition device to perform a serial comparison betWeen at 
least tWo of the plurality of electrocardiograms includes the 
act of performing a serial comparison according to a plu 
rality of functional blocks, and Wherein the plurality of 
functional blocks includes at least one of P Wave, Q Wave, 
QRS complex, ST elevation, ST depression, T Wave, and QT 
interval. 

30. The method of claim 29 and further comprising the act 
of assigning a severity value for each one of the plurality of 
functional blocks based on a predetermined level of change. 

31. The method of claim 30 and further comprising the act 
of analyZing the severity value of each one of the plurality 
of functional blocks according to a fuZZy logic algorithm. 

32. The method of claim 31 and further comprising the act 
of indicating an acute myocardial infarction to a clinician if 
the QRS complex functional block has a high severity value 
and indicates a neW bundle branch block. 

33. The method of claim 31 and further comprising the act 
of indicating to a clinician an acute myocardial infarction if 
the ST elevation functional block has a high severity value. 

34. The method of claim 31 and further comprising the act 
of indicating to a clinician an acute myocardial infarction if 
the ST elevation functional block has a moderate severity 
value and the ST depression functional block has a severity 
value equal to or greater than moderate or if the T Wave 
functional block has a severity value equal to or greater than 
moderate. 

35. The method of claim 31 and further comprising the act 
of indicating to a clinician acute ischemia if the ST depres 
sion functional block has a high severity value. 

36. The method of claim 31 and further comprising the act 
of indicating to a clinician acute ischemia if the ST depres 
sion functional block has a moderate severity value and the 
T Wave functional block has a severity value equal to or 
greater than moderate. 

37. A method of performing serial comparison betWeen 
electrocardiograms acquired from a patient, the method 
comprising the acts of: 

acquiring an index electrocardiogram and at least one 
subsequent electrocardiogram from the patient; 

identifying changes betWeen the index electrocardiogram 
and the at least one subsequent electrocardiogram in at 
least one of QRS complex, ST elevation, ST 
depression, and T Wave; 

assigning severity values to the identi?ed changes, and 
analyZing the severity values according to a fuZZy logic 
algorithm; 

indicating an acute myocardial infarction to a clinician if 
the severity value of the changes in the QRS complex 
is high, if the severity value of the changes in the ST 
elevation is high, if the severity value of the changes in 
the ST elevation and the ST depression are equal to or 
greater than moderate, or if the severity value of the 
changes in the T Wave is equal to or greater than 
moderate; and 

indicating acute ischemia to a clinician if the severity 
value of the changes in the ST depression is high or if 
the severity level of the changes in the ST depression 
and the T Wave are equal to or greater than moderate. 
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38. The method of claim 37 wherein the act of identifying 
changes betWeen the index electrocardiogram and the at 
least one subsequent electrocardiogram includes the act of 
identifying changes in real-time in order to detect an acute 
coronary syndrome. 

39. The method of claim 37 Wherein the act of assigning 
severity values to the changes includes the act of assigning 
a severity value based on a predetermined level of change. 

40. The method of claim 37 and further comprising the 
acts of accessing a baseline electrocardiogram and identi 
fying changes betWeen the baseline electrocardiogram and 
the index electrocardiogram and the at least one subsequent 
electrocardiogram. 

41. The method of claim 40 Wherein the act of accessing 
a baseline electrocardiogram includes the act of accessing an 
electrocardiogram acquired from the patient during a stable 
cardiac period. 

42. The method of claim 40 Wherein the act of accessing 
a baseline electrocardiogram includes the act of accessing 
the baseline electrocardiogram from an electrocardiogram 
management system. 

43. A softWare program for implementation in an elec 
trocardiogram acquisition device and for performing a serial 
comparison betWeen at least tWo electrocardiograms 
acquired from a patient, the softWare program comprising: 

a management module for analyZing corresponding leads 
of the at least tWo electrocardiograms, for determining 
Which corresponding leads indicate differences 
betWeen the at least tWo electrocardiograms, for sorting 
the corresponding leads into a plurality of groups 
according to the indicated differences, and for assign 
ing a severity value to each one of the plurality of 
groups; and 

a decision logic module for implementing a fuZZy logic 
algorithm to analyZe the severity value assigned to each 
one of the plurality of groups and for outputting an 
indication of an acute coronary syndrome based on the 
analysis. 
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44. The softWare program of claim 43 Wherein the elec 

trocardiogram acquisition device is a one of a cardiograph, 
a Holter monitor, an event recorder, and a stress electrocar 
diogram machine. 

45. The softWare program of claim 43 Wherein the plu 
rality of groups includes at least one of P Wave, Q Wave, 
QRS complex, ST elevation, ST depression, TWave, and QT 
interval. 

46. The softWare program of claim 45 Wherein the deci 
sion logic module outputs an indication of an acute myo 
cardial infarction if the fuZZy logic algorithm determines 
that the QRS complex group has a high severity value and 
indicates a neW bundle branch block. 

47. The softWare program of claim 45 Wherein the deci 
sion logic module outputs an indication of an acute myo 
cardial infarction if the fuZZy logic algorithm determines 
that the ST elevation group has a high severity value. 

48. The softWare program of claim 45 Wherein the deci 
sion logic module outputs an indication of an acute myo 
cardial infarction if the fuZZy logic algorithm determines 
that the ST elevation group has a moderate severity value 
and the ST depression group has a severity value equal to or 
greater than moderate or that the T Wave group has a severity 
value equal to or greater than moderate. 

49. The softWare program of claim 45 Wherein the deci 
sion logic module outputs an indication of acute ischemia if 
the fuZZy logic algorithm determines that the ST depression 
group has a high severity value. 

50. The softWare program of claim 45 Wherein the deci 
sion logic module outputs an indication of acute ischemia if 
the fuZZy logic algorithm determines that the ST depression 
group has a moderate severity value and the T Wave group 
has a severity value equal to or greater than moderate. 


